Background:
INTRODUCTION
Although total hip and knee arthroplasties significantly improve pain, mobility and quality of life, periprosthetic joint infections (PJIs) can be a very serious complication of joint arthroplasty. PJIs are associated with significant morbidity, mortality and increased health care costs due to prolonged hospitalization and multiple surgical procedures [1, 2] . Despite taking every precaution to prevent PJIs, infection rates after a primary procedure remain as high as 1-2% [3, 4] .
A two-stage revision or exchange arthroplasty, involving removal of the prosthesis, administration of local and systemic antibiotics and then reimplantation after eradicating the infection, has become the uncontested "gold" standard in management of PJI with success rates over 90% [5, 6] . It is therefore understandable that there is only a handful of series looking at the outcomes of one-stage exchange arthroplasty since Buchholz's study from The ENDO-Klinik in Hamburg was published in 1981 [6] . However, one-stage revision has the advantages of undergoing a single operation with less patient morbidity and potentially improved cost and functional outcomes [7 -10] We hereby review the current literature regarding the outcomes of one-stage exchange arthroplasties (OSEA) focusing on re-infection rates and functional outcomes. This will lead to a better understanding of managing PJIs and realization of the need for high level evidence to objectively determine the role of one and two-stage revisions.
DEFINITION OF PJI
Although several definitions for PJI exist, we prefer the Musculoskeletal Infection Society (MSIS) definition based on the strict criteria detailed in Table 1 [11] . f. Greater than five neutrophils per high-power field in five high-power fields observed from histologic analysis of periprosthetic tissue at 400 times magnification However, it should be noted that PJI may be present even if fewer than four of these criteria are met.
CLASSIFICATION
Timing of infection is one of the most important factors in guiding treatment as postulated by Tsukayama et al. [12] . Acute postoperative infection presenting within a month of the index procedure is normally managed with irrigation and debridement (I&D), but this strategy has a much higher failure rate in late infections due to bacterial biofilm formation on the prosthesis after this timeframe. Therefore, delayed or late infections require exchange of the prosthesis in order to control infection [13] ( Table 2) . 
INDICATION FOR ONE-STAGE EXCHANGE ARTHROPLASTY
Buchholz [6] introduced the OSEA in 1981 and since then it has slowly gained popularity as a treatment option for PJI in selected patients. Indications include a healthy uncompromised host, a known pathogen sensitive to available antibiotics and sufficient soft tissue envelope [8, 14, 15] . On the other hand, contraindications include an immunocompromised host, unknown pathogen or culture negative PJI, resistant pathogens and polymicrobial infections, patients with multiple comorbidities, major skin, soft tissue or osseous defects, infection involving the neurovascular bundles and peripheral vascular disease [15 -17] . Although presence of a sinus tract has been associated with poor outcomes and hence considered an absolute contraindication to performing a one-stage revision by some authors [18, 19] , evidence from the ENDO-Klinik suggest that one-stage revision is the treatment of choice even when a sinus tract is present in chronically infected total hip (THRs) and knee replacements (TKRs) [17, 20] . Additionally, polymicrobial infections and resistant pathogens are not considered a contraindication to a one-stage revision procedure according to the ENDO-Klinik experience whereby 85% of all septic revisions normally undergo a one-stage exchange procedure [17, 20, 21] .
SURGICAL CONSIDERATIONS
A multi-disciplinary approach is essential to treating patients with established PJIs utilizing a one-stage revision strategy [22, 23] . In particular, microbiologists play an important role in recommending appropriate systemic and local antibiotics delivered in the cement. Plastic surgeons may be required to provide appropriate cover for mild to moderate soft tissue defects. Excision of the scar and incorporating the sinus into the skin incision and excising it down to the capsule is essential [17] . It is also important to remember that a radical total synovectomy after obtaining multiple tissue samples for microbiology and meticulous removal of any residual cement mantle are essential for satisfactory outcomes with one-stage revisions [6, 14, 23 -26] . Pulsatile lavage and antiseptic solutions such as polymeric biguanide hydrochloride (polyhexanide), hydrogen peroxide and povidone-iodine are commonly used during the debridement [17, 27] . It is also routine that all drapes, gowns, gloves, suction tip, light handles and surgical instruments are changed prior to administration of antibiotics and reimplantation [24] . Antibiotics added to the cement should be bactericidal, in the powder form, based on sensitivities of the pathogens grown preoperatively and not exceed 10% of the total weight of the cement powder in order to avoid alteration of the mechanical properties of the cement [17, 21, 27] . Autogenic and allogeneic bone grafting with or without the addition of antibiotics may also be considered for deficient bone stock [27] . Alternatively, polymethyl methacrylate (PMMA) bone cement or Tantalum augments (Trabecular Metal, Zimmer Inc, Warsaw, IN, USA) may be used to address bone defects. The choice of implants depends on the radical debridement which may require excision of the collateral ligaments in TKRs and hence the use of semi to fully constrained implants and residual bone stock [17, 21, 27] . A drain is usually applied to avoid postoperative hematoma formation but is normally removed within 24-48 hours [20, 27] . The literature has varied in the route and period of systemic antibiotic administration postoperatively but despite an overall shorter period in comparison to two-stage revisions (2 vs. 6 weeks), it remains important to liaise with the microbiologists regarding appropriate treatment on an individualized basis [15, 17, 27] . Early mobilization is recommended with weightbearing using crutches either immediately or gradually over 2 weeks according to the reconstruction performed [17, 21] . Follow-up for infection control includes clinical and serological assessments and if necessary a repeat aspiration with analysis of the aspirate to confirm resolution of infection [27] .
ONE-STAGE EXCHANGE ARTHROPLASTY FOR INFECTED TOTAL HIP REPLACEMENT
Most of the available studies reporting on OSEA have focused on late chronic infections which according to Tsukayama were the culprit for failure of infection control. Taking into account that I&D has been associated with high re-infection rates in this subgroup of patients [28, 29] , exchange arthroplasty is theoretically the more appropriate treatment. However, the literature lacks comparative studies of one versus two-stage revision and I&D in both acute and chronic infections. In a recent study, Hansen et al. [25] reported on 27 patients who underwent a one-stage cementless hip arthroplasty revision for acute infections within 6 weeks of the index procedure. Using retention of implants as the primary end point, their infection control rate was 70% at a mean follow up of 51 months, but this figure included 2 patients with methicillin-resistant Staphylococcus aureus (MRSA). Exclusion of these patients improved the infection control rate to 76%. The authors admitted that despite the potential benefits of using available primary implants, the result is still inferior to a one-stage procedure using cemented prostheses, which yields a success rate of around 80% [25] .
Another area of interest is the choice between cement with or without antibiotics. Buchholz pioneered the mixing of antibiotics with cement and achieved infection control rate of 77% with one-stage exchange and up to 90% after subsequent exchange procedures in a large series of 583 patients [6] . Since then, the success rate of one-stage exchange with antibiotic loaded cement varied widely from 76 -100%, but the end points measured also varied from retention of prosthesis to aseptic loosening [6, 8, 14, 16, 30 -33] . It is important to remember that the mechanical strength of cement is affected by high doses of antibiotics added to the cement together with poor cementing techniques aimed at improving antibiotic elution in the surrounding tissues. Therefore, one-stage revision with cement alone has been preferred by some surgeons who published comparable results of infection control (78 -92.3%) but on smaller numbers of patients [26, 34 -36] . Zeller et al. [37] were the only group to publish on a large cohort of 157 patients of PJIs treated with one-stage exchange arthroplasty and twelve weeks of systemic antibiotics and no antibiotics in the cement. Two relapses and six new infections were observed during follow-up, with a cumulative infection control rate of 95% at five years postoperatively. One-stage revision with cementless prostheses and bone grafts has recently been proposed as an alternative by Yoo et al. [14] to reduce the need for specialized prostheses. In a series of 12 patients, an infection control rate of 83.3% was achieved at an average follow up of 7.2 years. Loty et al. [38] also reported good functional results in 79% of cases reconstructed with allografts. Winkler et al. [39] expanded on the idea of using antibiotic impregnated bone grafts in a series of 37 hips and 6 knees with overall infection control rate of 94.6% for hips and 100% for knees. However, the finding of 2 reinfected hips at the last follow up may suggest that the average follow up of 3.2 years was too short [25] . Studies comparing the one vs. two stage revisions in infected THRs showed improved infection control rates in one-stage revisions ranging from 82-100% compared to 75-95% in two-stage revisions [8, 32, 33] . However, it is important to note that the one-stage patients were highly selected according to criteria set up at each center in line with the indications outlined above.
It is worth mentioning that functional outcomes have been inconsistently measured in the papers mentioned. In fact, there are four papers that included Harris Hip Scores (HHS), three of which showed improved function after one-stage compared to two-stage revisions [40] . However, Oussedik et al. [8] was the only one to show a statistically significant improvement in the mean HHS (one-stage 87.8; two-stage 75.5; p = 0.0003) and in the visual analogue score for satisfaction (8.6; 6.9; p = 0.001). (Fig. 1)   Fig. (1) . Infected left total hip arthroplasty underwent one-stage revision using a constrained revision cup and a cemented stem at the ENDO-Klinik in Hamburg.
ONE-STAGE EXCHANGE ARTHROPLASTY FOR INFECTED TOTAL KNEE REPLACEMENT
Infection control rates reported for I&D of periprosthetic knee infections range from 16 -80% [18, 19, 41] . In particular, patients with acute postoperative infections due to low virulent organisms do well with aggressive early debridement and exchange of the insert. This could be the reason why we found no reports of one-stage revision for acute infection in TKRs. Since the initial report from the Endoklinik in Germany [15] showing an infection control rate of 73%, other series have kept to the same principles of removal of the implant, I&D and reimplantation of a new prosthesis, mainly with antibiotic loaded cement. Reported infection control rates ranged between 73% and 100% [9, 23, 42 -46] . Buechel [43] and Singer [45] also demonstrated good to excellent function in a majority of the patients who underwent one-stage revisions, with a mean Knee Society Score (KSS) of 79.5 and 72 respectively [43, 45] which is higher than that reported for two-stage revisions. Haddad et al. [23] in a recent study directly compared one and two stage revision surgery in chronically infected TKRs and also reported higher KSSs in the one-stage group (88 vs. 76, p<0.001) with overall 100% infection control in the one stage vs. 93% in the two-stage revision group. The Endoklinik also reported their 10-year infection-free survival for one-stage infected TKRs as 93% (mean 4.1; 95% confidence interval, 89%-96%; p < 0.007); and the patient 10-year survival rate free of revision for other causes as 91% (mean, 5.2; 95% CI, 86%-95%; p < 0.002) (20) . In a recent meta-analysis comparing the outcomes following one and two stage revisions of infected TKRs, the rate of re-infection was reported as 7.6% in one-stage studies. The corresponding reinfection rate for two-stage revision was 8.8%. Postoperative clinical outcomes of knee scores and range of motion were similar for both revision strategies. However, it is worth noting that the number of available one-stage revision studies is limited and hence further studies are needed to explore heterogeneity and support the findings of this meta-analysis [47] . (Fig. 2) . Fig. (2) . Infected left total knee replacement underwent one-stage revision at the ENDO-Klinik.
SUMMARY & FUTURE CONSIDERATIONS
PJIs continue to be a management challenge to clinicians worldwide. The heterogeneity of PJI and resulting lack of consensus regarding its definition and diagnosis further confound the lack of high power studies to determine the optimal treatment strategy. The goal of successful eradication of infection while preserving functionality presents a delicate balance between I&D with retention of the prosthesis and one and two-stage exchange arthroplasty.
In the last 40 years, OSEA has been shown to be a viable treatment option for both hips and knees in selected patients. All authors reached a rare consensus advocating its use in non-immunocompromised patients with known low virulent microorganisms, no sinus tract and good soft tissue coverage. Although current data is restricted to small cohorts at individual centers, the re-infection rates are comparable to their two-stage counterparts while showing superior functional scores and reduced cost. The practicality of one-stage revision, however, is still limited geographically to specific centers where it is believed to be superior to two-stage revision. There is also a wide variation in the definition of re-infection and techniques used to provide fixation for the new prostheses. Attempts at collation of the current data yield the same conclusion that there is a great need for a large multi-centred randomized control trial, focusing on re-infection rates and functional scores postoperatively, to provide concrete guidelines in managing this complex condition. 
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